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The Mo^' atom in the title complex, [Mo(CiiHi3N30S)02- 
(C2H(iOS)], is A^,A'',0-coordinated by the dianionic tridentate 
Ugand, two mutually cis oxide O atoms and a dimethyl 
sulfoxide O atom, defining a distorted octahedral N2O4 donor 
set. The most prominent feature of the crystal packing is the 
formation of inversion dimers via pairs of N— H- ■ O 
hydrogen bonds and eight-membered {■ ■ ■HNMoO)2 loops. 
The Schiff base ligand is disordered over two orientations of 
equal occupancy. 



Related literature 

For the coordination chemistry and medicinal applications of 
thiosemicarbazone derivatives, see: Ahmadi et al. (2012); 
Dilworth & Hueting (2012). For related structures, see: Ceylan 
et al. (2009); Takjoo et al. (2012). 




Experimental 

Crystal data 

[Mo(CuH,3N30S)02(C2H60S)] 
M, = AA\.?,1_ 
Triclinic, PI 
a = 8.0411 (3) A 
b = 9.7243 (3) A 
c = 12.0849 (4) A 
a = 73.387 (3)° 
= 84.465 (3)° 

Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 

r„i„ = 0.691, r„„ = 1.000 

Refinement 

R[F^ > 2a{F^)] = 0.030 

wR(F^) = 0.072 

S = 1.03 

4149 reflections 

234 parameters 



Table 1 

Selected bond lengths (A). 



Y = 86.077 (3)° 

V = 900.47 (5) A' 
Z = 2 

Mo Ka radiation 
II = 0.98 mm"' 
r = 100 K 

0.35 X 0.15 X 0.05 mm 



13626 measured reflections 
4149 independent reflections 
3811 reflections with / > 2cr(/) 
R,„, = 0.037 



too restraints 

H-atom parameters constrained 
Apmax = 0.73 e A-' 
Ap„i„ = -0.87 e A"' 



Mo -01 
Mo -02 



2.011 (7) 
2.2747 (16) 



Mo -04 
Mo-Nl 



1.7021 (18) 
2.193 (6) 



Mo -03 


1.7133 (16) 


Mo- 


-N3 


1.933 (15) 


Table 2 










Hydrogen-bond geometry (A, °). 








D-H-A 


D-H 


H-A 


D-A 


D-H- - A 


N3-H3n-03' 


0.88 


2.23 


3.090 (15) 


166 


N3'-H3«'-03' 


0.88 


1.94 


2.816 (16) 


171 


Symmetry code: (i) — .1 


+ l,-y + l,-z- 


H. 







Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 2006); 
software used to prepare material for publication: publCIF (Westrip, 
2010). 

The authors are grateful to the Ferdowsi University of 
Mashhad for financial support, and thank the Ministry of 
Higher Education (Malaysia) for funding structural studies 
through the High-Impact Research scheme (UM.C/HIR/ 
MOHE/SC/3). 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: HB6848). 
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[2-(1-{2-[Azanidyl(ethylsulfanyl)methylidene-ft-N]hydrazin-1-ylidene-icN^}ethyl)- 
phenolato-icO] (dimethyl sulfoxide-A:0)dioxidomolybdenum(VI) 

Reza Takjoo, Seik Weng Ng and Edward R. T. Tiekink 

Comment 

Schiff bases derived from ^-alkyl esters of thiosemicarbazone are capable of complexing both transition and main group 
metals (Ahmadi et al, 2012) and these may be used as therapeutic and imaging agents (Dilworth & Hueting, 2012). 
Herein, the crystal and molecular structure of the title complex, (1), is described, which was determined as a part of on- 
going studies (Takjoo et al, 2012). 

The Mo^ atom in (I), Fig. 1, exists within a distorted octahedral N2O4 donor set defined by the NJ\f,0 atoms of the 
dinegative tridentate ligand, two oxo-0 atoms and a DMSO-0 atom, Table 1; the oxo-0 atoms are cis. The dihedral angle 
between the five- and six-membered chelate rings is 11.34 (19) A indicating some bending in the SchifFbase ligand (the 
comparable angle in the second conformation of the disordered ligand is 7.81 (17)°). The molecular structure resembles 
that of the complex where the Mo atom is coordinated by methanol rather than DMSO (Ceylan et al., 2009). 

While whole molecule disorder of the Schiff base ligands precludes a detailed analysis of the crystal packing, a common 
feature of both orientations is the formation of N — H---0 hydrogen bonds between centrosymmetrically related molecules 
to form a dimeric aggregate via an eight-membered {■••HNMoO}2 synthon. Fig. 2 and Table 2. 

Experimental 

An ethanolic solution (3 ml) of molybdenyl acetylacetonate (0.33 g, 1 mmol) was added drop-wise to an ethanolic 
solution (3 ml) of l-(2-hydroxyphenyl)ethanone S'-ethylisothiosemicarbazone hydrobromide (0.32 g, 1 mmol) under 
stirring. The clear solution was stirred for 1 h and yellow precipitate was appeared. The product was then filtered, washed 
with cold ethanol and dried in air. The resulting compound was dissolved in DMSO (2 ml) and by slow evaporation of the 
solvent orange prisms appeared after one week. M.pt. 427 K. Yield: 33%. 

Refinement 

Nitrogen- and carbon-bound H-atoms were placed m calculated positions [N — H = 0.88 A and C — H = 0.95-0.99 A, 
t4o(H) = 1.2-1.5L'eq(N,Q] and were mcluded in the refinement in the riding model approximation. 

The dianion is disordered over two positions in a 1:1 ratio. The benzene rings were refined as rigid hexagons of 1.39 A 
sides and other pairs of bond distances were restrained to within 0.01 A of each other. The anisotropic displacement 
parameters (restrained to be nearly isotropic) of the primed atoms were set to those of the unprimed ones. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CiysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997) DIAMOND (Brandenburg, 
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2006); software used to prepare material for publication: publCIF (Westrip, 2010). 




u 

Figure 1 

The molecular structure of (I) showing the atom-labelling scheme and displacement ellipsoids at the 50% probability 
level. 




Figure 2 

A view of the centrosymmetric aggregate in (I) mediated by N — H - 0 hydrogen bonds, shown as blue dashed lines. A 
similar arragement is found for the second conformation of the Schiff base ligand. 
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[2-(1 -{2-[Azanidyl(ethylsulfanyl)methylidene-K:yV]hydrazin-1-ylidene- AryV^}ethyl)phenolato-A£)] (dimethyl 
sulfoxide-K:0)dioxidomolybdenum(VI) 



Crystal data 

[MoCCiHbNjOSPjCCjHsOS)] 

M, = 441.37 

Triclinic, PI 

Hall symbol: -P 1 

a = 8.0411 (3) A 

b = 9.7243 (3) A 

c= 12.0849(4) A 

a = 73.387 (3)° 

A =84.465 (3)° 

Y = 86.077 (3)° 

F= 900.47 (5) A' 

Data collection 

Agilent SuperNova Dual 

diffractometer with an Atlas detector 
Radiation source: SuperNova (Mo) X-ray 

Source 
Mirror monochromator 
Detector resolution: 10.4041 pixels mm ' 
CO scan 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 

Refinement 

Refinement on P- 
Least-squares matrix: full 
R[F^ > 2a{py[ = 0.030 
wR{P) = 0.072 
1.03 

4149 reflections 
234 parameters 
100 restraints 

Primary atom site location: structure-invariant 
direct methods 



2=1 

F(000) = 448 

£)x= 1.628 Mgm-3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 8498 reflections 

61=2.4-27.5° 

fi = 0.98 mm"' 

T= 100 K 

Prism, orange 

0.35 x 0.15 x0.05 mm 



7U = 0.691,7^=1.000 
13626 measured reflections 
4149 independent reflections 
3811 reflections with/> 2(7(7) 
7?i„, = 0.037 

- 27.6°, daiin — 2.4° 

/! = -10^10 

-12^12 
/ = -15^15 



Secondary atom site location: difierence Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[ct\F„^) + (0.0278P)2 + 1.0887/"] 

where /' = (7^o2 + 27='/)/3 
(A/ff)„^ = 0.001 
Ap„ax = 0.73 e A-3 
Ap™„ = -0.87e A-3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of 7^ against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on 7^, 
conventional 7?-factors 7? are based on F, with F set to zero for negative 7^. The threshold expression of 7^ > o(7^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. Tv'-factors based on 7^ 
are statistically about twice as large as those based on F, and 7?- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X y z Uiso*/Ueq Occ. (<1) 

Mo 0.39828(2) 0.62362(2) 0.284368(16) 0.01779(7) 

S2 -0.02453 (7) 0.59823 (6) 0.30257(5) 0.02079(13) 
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02 


0.13555 (19) 


0.56941 (17) 


0.36645 (13) 


A A-OAO /0\ 

0.0208 (3) 




03 


0.4236 (2) 


A /'^C AC\ /I ^\ 

0.67549 (16) 


A Af\CCn /I C\ 

0.40557 (15) 


A A-O IT /O \ 

0.0217 (3) 




U4 




0.039/ (2) 


(Id) 


A AnA 

0.03 /O (5) 




C12 


-0.1234 (3) 


0.4305 (3) 


A ^ AO /'^\ 

0.3508 (2) 


A A'^^O /C\ 

0.0268 (5) 




TT 1 T A 

HlzA 


A A/TO A 

-0.0630 


A 1 ZT'l A 

0.3620 


A "7 1 /I 1 

0.3141 


A A /I A* 

0.040^ 




H12B 


-0.2393 


0.4441 


0.3296 


A A /I Ad; 

0.040* 




XJ1 O/*^ 


— 0.izz3 


0.3934 


0.43M 


A A/IA* 

0.040^ 






A 1 CTA /'5\ 

—0.1 J /O (3) 


O.o9o2 (z) 


0.3810 (2) 


A AO ^ 1 /C\ 

0.0221 (5) 




T_ri '2 A 


All 

—0.1 1 /o 


0. lyjy 


U.3o3 1 


A A'2 1 * 

U.U33^ 




T T 1 '5 n 

HUB 


A 1 c An 

—0.1547 


0.6515 


A A ^ A") 

0.4643 


A AO 0 * 

0.033* 




XJ1 


—0.2 / 1 / 
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0. /022 


A "3 coo 

0.3588 
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0.033* 




SI 


0.4023 (2) 


A '\ A A C n / '\ C\ 

0.14457 (15) 


A lonnc /I ON 

0.38075 (13) 


A AOAT /0\ 

0.0307 (3) 


0.50 


Ul 


U.2D25 (i2j 


U. /oDU (0) 


A 1 O'20 //l^ 

U.i93o (4) 


A A 1 /^o /'o^ 
U.UI02 (9) 




JNl 


0.315U (11) 


0.51 /2 (5) 


0.1633 (5) 


A A 1 /I A / 1 A\ 

0.0149 (10) 


A CA 

0.50 


N2 


0.3133 (9) 


0.3667 (6) 


A 'lAO /' A\ 

0.2053 (4) 


A AOAO /A\ 

0.0203 (9) 


0.50 


N3 


0.439 (3) 


A y1 A 1 / 1 C\ 

0.4201 (15) 


A 1 c^n /I A\ 

0.3527 (10) 


A A 1 0 T /I zr\ 

0.0137 (16) 


A C A 

0.50 


H3n 


A y1 ACI 

0.4952 


A T OAT 

0.3893 


f\ A 1 A n 

0.4149 
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C2 
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A ATCT /OX 
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0.0241 (3) 


A AOTC /ON 

0.0275 (8) 


0.50 


H2 


0.z4iz 


1 A/1 AC 

1.040 J 


A ATAI 

0.0/03 


A AO 0 * 

0.033^ 


A CA 

O.jO 


C3 


A 1 y1 A /I /C\ 

0.2494 (5) 


1 A'^01 /'?\ 

1.0281 (3) 


A A Ac? /'7\ 

—0.0957 (3) 


A AOOA /A\ 

0.0329 (9) 


A CA 

0.50 


TTT 

H3 


0.2435 


1.1287 


A 1 T 1 /I 

-0.1314 


A A /f A^ 

0.040* 


A Cf\ 

0,50 


LA 


A OCA'? /C\ 

0.2593 (5) 


A AT TO /y1 \ 

0.9332 (4) 


A ^ £LT^ ^ /I A\ 

-0.16331 (19) 


A AT T C /A\ 

0.0335 (9) 


A C A 

0.50 


XJ/I 


U.2602 


A A/; A 1 

0.9691 


A T /I d 

—0.2452 


A A/1 A* 

0.040 


A CA 

0.50 


C5 


0.2679 (5) 


0.7860 (3) 


A 1 1 1 1 /T\ 

—0.1111 (3) 


0.0278 (8) 


A Cf\ 

0.50 


H5 


0.2747 


0.7211 


-0.1573 


A AO 0 sfc 
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0.50 


Co 


A ^ r r r ^ a\ 

0.2666 (4) 
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A AAOT /TX 
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0.5 / /I (6) 
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Atomic displacement parameters (A^) 
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-0.00315 (8) 


S2 


0.0173 (3) 


0.0254 (3) 


0.0192 (3) 


-0.0038 (2) 


-0.0098 (2) 


-0.0022 (2) 


02 


0.0160 (8) 


0.0250 (8) 


0.0199 (8) 


-0.0045 (6) 


-0.0099 (6) 


-0.0005 (7) 


03 


0.0200 (8) 


0.0159 (8) 


0.0345 (9) 


0.0010(6) 


-0.0119(7) 


-0.0130(7) 


04 


0.0225 (9) 


0.0648 (14) 


0.0226 (9) 


-0.0156 (9) 


-0.0076 (7) 


-0.0053 (9) 


C12 


0.0229 (12) 


0.0233 (12) 


0.0397 (14) -0.0036 (10) 


-0.0110(10) 


-0.0141 (11) 


C13 


0.0203 (11) 


0.0164(11) 


0.0312 (12) -0.0030 (9) 


-0.0110(9) 


-0.0056 (9) 


SI 


0.0580 (6) 


0.0097 (4) 


0.0242 (6) 


0.0007 (4) 


-0.0099 (8) 


-0.0029 (6) 


01 


0.0220 (19) 


0.012 (2) 


0.0160 (17) 0.0021 (19) 


-0.0077 (17) 


-0.0041 (12) 


Nl 


0.0204(11) 


0.008 (3) 


0.015 (2) 


-0.006 (3) 


-0.0055 (18) 


0.000 (2) 


N2 


0.0332(15) 


0.012 (3) 


0.017 (3) 


-0.005 (2) 


-0.010(2) 


-0.0030 (19) 


N3 


0.0215 (15) 


0.012 (2) 


0.008 (5) 


0.000 (2) 


-0.009 (5) 


-0.002 (3) 


CI 


0.0167(15) 


0.021 (2) 


0.0157 (15) -0.0021 (17) 


-0.0070(12) 


-0.0037 (15) 


C2 


0.031 (2) 


0.021 (2) 


0.028 (2) 


-0.0037 (16) 


-0.0094(16) 


-0.0009 (13) 


C3 


0.036 (2) 


0.028 (2) 


0.028 (2) 


-0.0096 (17) 


-0.0079 (16) 


0.0077 (15) 


C4 


0.029 (2) 


0.045 (2) 


0.0224(18) -0.0022(18) 


-0.0092 (15) 


-0.0005 (18) 


C5 


0.0245 (17) 


0.039 (2) 


0.0215 (15) -0.0002 (18) 


-0.0089 (13) 


-0.0087 (18) 


C6 


0.0172 (14) 


0.017 (2) 


0.0203 (14) -0.0016 (19) 


-0.0079(11) 


-0.003 (2) 


C7 


0.0164(13) 


0.021 (3) 


0.025 (2) 


-0.003 (2) 


-0.0070 (14) 


-0.014 (2) 


C8 


0.037 (2) 


0.031 (2) 


0.0202 (19) -0.0053 (19) 


-0.0133 (16) 


-0.0112(15) 


C9 


0.0272 (17) 


0.011 (2) 


0.018 (4) 


-0.0034(18) 


-0.002 (3) 


-0.004 (2) 


CIO 


0.046 (2) 


0.0160(18) 


0.034 (2) 


-0.0063 (15) 


0.000 (2) 


-0.0140 (19) 


Cll 


0.048 (2) 


0.034 (3) 


0.052 (3) 


-0.0188 (19) 


0.012 (3) 


-0.026 (3) 


SI' 


0.0580 (6) 


0.0097 (4) 


0.0242 (6) 


0.0007 (4) 


-0.0099 (8) 


-0.0029 (6) 


01' 


0.0220 (19) 


0.012 (2) 


0.0160(17) 0.0021 (19) 


-0.0077 (17) 


-0.0041 (12) 
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JN 1 


U.UzU4 (11) 


U.UUo (3) 


n A1 c 
U.Ul J (z) 


A AA^ f1\ 

— U.UUo { j ) 


A AA^ ^ /'I Q\ 

— U.UUjj (lo) 


A AAA 

U.UUU (z) 


N2 


U.UiJz (l3) 


O.Ulz (3) 


O.Ul / (3) 


A AAC /'0\ 

— U.UUj (z) 


A A1 A *'0\ 

— U.UlU (z) 


A AA1A /■! A\ 

— U.UU3U (ly) 


JNo 


U.Uzl J (1 j) 


U.Ulz (/) 


n AAQ /ex 


A AAA /0^ 

U.UUU (z) 


A AAA 

— u.uuy (j ) 


A AAO 

— U.UUz (J) 


CI 


U.Ulo/ (IjJ 


A AO 1 /ox 


A A1 /I C\ 

U.Ul J / (Id) 


A AAO 1 /"I '7^ 

— U.UUzl (1 /) 


— U.UU/U (Iz) 


A AAOT /I C\ 

— U.UUJ / (1 j) 




U.UJl (z) 


A AO 1 /'0\ 

(J.Uzi (2) 


U.Uzo (zj 


A AAIT /I z:\ 

— U.UU3 / (lo) 


— u.uuy4 (lo) 


— u.uuuy (13) 




A ni /'o\ 
O.Uio (z) 


A AOO /0\ 

O.Uzo (1) 


A AOO /'0\ 

U.Uzo (Z) 


A AAA^ /l n\ 

— u.uuyo (1 /) 


A AAOA / 1 /C\ 

— u.uu/y (lo) 


A AAOO / 1 C\ 

U.UU/ / (O) 


C4 


u.uzy (zj 


A A/) r 

U.U4D (z) 


U.Uzz4 (lo) 


A AAoo ^^ Q\ 
— U.UUzz (lo) 


A AAAO /l ^\ 

— u.uuyz (lj) 


A AAAC /I Q\ 

— U.UUUD (lo) 


CD 


U.Uz4j (1 1) 


A ATO /o^ 

U.Ujy (z) 


A AO 1 C /I ^\ 

U.Uzlj (l3j 


A AAAO /I 0\ 

—yj.KjKjyji (lo) 


A AAOO /I '3\ 

— u.uuoy (1-5) 


— U.UUo / (lo) 


Co 


U.Ul /z (14) 


A A 1 -7 

U.Ul / (z) 


A AO Al /I 
\).\)Z\JJ (14) 


A A A 1/^/1 0\ 

— u.uulo (ly) 


— u.uu /y (1 1) 


A AAI /0\ 

— U.UU3 (z) 


C7' 


0.0164(13) 


0.021 (3) 


0.025 (2) 


-0.003 (2) 


-0.0070 (14) 


-0.014 (2) 


C8' 


0.037 (2) 


0.031 (2) 


0.0202 (19) 


-0.0053 (19) 


-0.0133 (16) 


-0.0112(15) 


C9' 


0.0272 (17) 


0.011 (2) 


0.018 (4) 


-0.0034 (18) 


-0.002 (3) 


-0.004 (2) 


CIO' 


0.046 (2) 


0.0160(18) 


0.034 (2) 


-0.0063 (15) 


0.000 (2) 


-0.0140 (19) 


Cll' 


0.048 (2) 


0.034 (3) 


0.052 (3) 


-0.0188 (19) 


0.012 (3) 


-0.026 (3) 



Geometric parameters (A, °) 



Mo— 01 


2.011 (7) 


C8— H8A 


0.9800 


Mo— 02 


2.2747 (16) 


C8— H8B 


0.9800 


Mo— 03 


1.7133 (16) 


C8— H8C 


0.9800 


Mo— 04 


1.7021 (18) 


CIO— Cll 


1.533 (7) 


Mo— or 


1.897 (7) 


CIO— HlOA 


0.9900 


Mo— Nl 


2.193 (6) 


CIO— HlOB 


0.9900 


Mo— N3 


1.933 (15) 


Cll— HllA 


0.9800 


Mo— N3' 


2.127(15) 


Cll— HUB 


0.9800 


Mo— Nl' 


2.340 (6) 


Cll— HUC 


0.9800 


S2— 02 


1.5330 (15) 


SI'— C9' 


1.753 (5) 


S2— C13 


1.780(2) 


SI'— CIO' 


1.810(5) 


S2— C12 


1.782(2) 


01'— Cl' 


1.353 (5) 


C12— H12A 


0.9800 


Nl'— C7' 


1.315 (6) 


C12— H12B 


0.9800 


Nl'— N2' 


1.398 (5) 


C12— H12C 


0.9800 


N2'— C9' 


1.304(6) 


C13— H13A 


0.9800 


N3'— C9' 


1.353 (6) 


C13— H13B 


0.9800 


N3'— H3n' 


0.8800 


C13— H13C 


0.9800 


Cl'— C2' 


1.3900 


SI— C9 


1.746 (6) 


Cl'— C6' 


1.3900 


SI— CIO 


1.818 (5) 


C2'— C3' 


1.3900 


Ol— Cl 


1.359 (5) 


C2'— H2' 


0.9500 


Nl— C7 


1.316(6) 


C3'— C4' 


1.3900 


Nl— N2 


1.406 (5) 


C3'— H3' 


0.9500 


N2— C9 


1.307 (6) 


C4'— C5' 


1.3900 


N3— C9 


1.351 (6) 


C4'— H4' 


0.9500 


N3— H3n 


0.8800 


C5'— C6' 


1.3900 


Cl— C2 


1.3900 


C5'— H5' 


0.9500 


Cl— C6 


1.3900 


C6'— C7' 


1.479 (5) 


C2— C3 


1.3900 


C7'— C8' 


1.521 (6) 


C2— H2 


0.9500 


C8'— H8'A 


0.9800 


C3— C4 


1.3900 


C8'— H8'B 


0.9800 


C3— H3 


0.9500 


C8'— H8'C 


0.9800 


C4— C5 


1.3900 


CIO'— Cll' 


1.519(7) 
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C4— H4 
C5— C6 
C5— H5 
C6— C7 
C7— C8 



0.9500 
1.3900 
0.9500 
1.465 (6) 
1.522 (6) 



CIO'— H IOC 
CIO'— HIOD 
Cll'— HllD 
Cll'— HUE 
Cll'— HllF 



0.9900 
0.9900 
0.9800 
0.9800 
0.9800 



04— Mo— 03 

04— Mo— or 

03— Mo— or 

04— Mo— N3 

03— Mo— N3 
or— Mo— N3 

04— Mo— 01 

03— Mo— 01 

or— Mo— 01 

N3— Mo— 01 

04— Mo— N3' 

03— Mo— N3' 
or— Mo— N3' 
N3— Mo— N3' 
01— Mo— N3' 

04— Mo— Nl 

03— Mo— Nl 
or— Mo— Nl 
N3— Mo— Nl 
01— Mo— Nl 
N3'— Mo— Nl 

04— Mo— 02 

03— Mo— 02 
or— Mo— 02 
N3— Mo— 02 
01— Mo— 02 
N3'— Mo— 02 
Nl— Mo— 02 

04— Mo— Nl' 
03— Mo— Nl' 
or— Mo— Nl' 
N3— Mo— Nl' 

01— Mo— Nl' 
N3'— Mo— Nl' 
Nl— Mo— Nl' 

02— Mo— Nl' 
02— S2— C13 
02— S2— C12 
C13— S2— C12 
S2— 02— Mo 
S2— C12— H12A 
S2— C12— H12B 
H12A— C12— H12B 



104.39 (8) 

94.2 (3) 
115.50(14) 
98.5 (7) 

96.7 (3) 

141.2 (5) 
99.5 (3) 
102.65 (14) 
12.9 (2) 

149.3 (6) 
103.0 (6) 

90.1 (3) 
144.7 (5) 
7.2 (8) 

150.4 (6) 

90.4 (2) 
163.71 (19) 

69.3 (2) 
74.0 (3) 

81.2 (2) 

79.8 (3) 
170.16(7) 
85.28 (7) 
79.7 (3) 

82.0 (7) 

76.2 (3) 

78.5 (6) 

80.3 (2) 
94.7 (2) 
154.27 (16) 

79.4 (2) 

63.1 (3) 
90.7 (2) 
68.7 (3) 
11.27(17) 

76.6 (2) 
103.33 (10) 
103.52 (10) 
99.67 (12) 
125.84 (9) 
109.5 
109.5 
109.5 



C6— C5— H5 
C4— C5— H5 
C5— C6— CI 
C5— C6— C7 
CI— C6— C7 
Nl— C7— C6 
Nl— C7— C8 
C6— C7— C8 
N2— C9— N3 
N2— C9— SI 
N3— C9— SI 
Cll— CIO— SI 
Cll— CIO— HlOA 
SI— CIO— HI OA 
Cll— CIO— HlOB 
SI— CIO— HlOB 
HlOA— CIO— HlOB 
CIO— Cll— HllA 
CIO— Cll— HUB 
HllA— Cll— HUB 
CIO— Cll— HllC 
HllA— Cll— HllC 
HUB— Cll— HllC 

C9'— sr— CIO' 
cr— or— Mo 

C7'— Nl'— N2' 
C7'— Nl'— Mo 
N2'— Nl'— Mo 
C9'— N2'— Nl' 
C9'— N3'— Mo 
C9'— N3'— H3n' 
Mo— N3'— H3n' 

or— cr— C2' 
or— cr— C6' 
C2'— cr— C6' 

cr— C2'— C3' 
cr— C2'— H2' 
C3'— C2'— H2' 
C4'— C3'— C2' 
C4'— C3'— H3' 
C2'— C3'— H3' 
C3'— C4'— C5' 
C3'— C4'— H4' 



120.0 

120.0 
120.0 
116.8(3) 

123.2 (3) 

120.7 (4) 
117.9(5) 

121.4 (4) 

122.3 (8) 

121.5 (5) 
116.2 (8) 
113.6(4) 
108.9 
108.9 
108.9 
108.9 
107.7 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 

102.2 (3) 
128.9 (4) 

117.3 (5) 
125.2 (4) 

117.5 (4) 

108.8 (5) 

119.4 (9) 
120.3 
120.3 

117.6 (3) 
122.4 (3) 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
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S2— C12— H12C 
H12A— C12— H12C 
H12B— C12— H12C 
S2— C13— H13A 
S2— C13— H13B 
H13A— C13— H13B 
S2— C13— H13C 
H13A— C13— H13C 
H13B— C13— H13C 
C9— SI— CIO 
CI— 01— Mo 
C7— Nl— N2 
C7— Nl— Mo 
N2— Nl— Mo 
C9— N2— Nl 
C9— N3— Mo 
C9— N3— H3n 
Mo— N3— H3ti 
Ol— CI— C2 
Ol— CI— C6 
C2— CI— C6 
C3— C2— CI 
C3— C2— H2 
CI— C2— H2 
C4— C3— C2 
C4— C3— H3 
C2— C3— H3 
C3— C4— C5 
C3— C4— H4 
C5— C4— H4 
C6— C5— C4 



109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
103.3 (3) 

124.2 (4) 
117.6(5) 

127.8 (4) 
114.5(4) 

108.9 (5) 

119.3 (10) 
120.3 
120.3 
116.7(3) 
123.3 (3) 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 



C5'— C4'— H4' 
C6'— C5'— C4' 
C6'— C5'— H5' 
C4'— C5'— H5' 
C5'— C6'— CI' 
C5'— C6'— C7' 
CI'— C6'— C7' 
Nl'— C7'— C6' 
Nl'— C7'— C8' 
C6'— C7'— C8' 
C7'— C8'— H8'A 
C7'— C8'— H8'B 
H8'A— C8'— H8'B 
C7'— C8'— H8'C 
H8'A— C8'— H8'C 
H8'B— C8'— H8'C 
N2'— C9'— N3' 
N2'— C9'— SI' 
N3'— C9'— SI' 
Cll'— CIO'— SI' 
Cll'— CIO'— HIOC 
SI'— CIO'— HIOC 
Cll'— CIO'— HIOD 
SI'— CIO'— HI OD 
HIOC— CIO'— HIOD 
CIO'— Cll'— HllD 
CIO'— Cll'— HUE 
HllD— Cll'— HUE 
CIO'— Cll'— HllF 
HllD— Cll'— HllF 
HUE— Cll'— HllF 



120.0 
120.0 
120.0 
120.0 
120.0 

117.2 (3) 

122.7 (3) 
120.5 (4) 
117.6(5) 

121.8 (4) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 

124.3 (8) 

120.4 (5) 
115.2 (7) 

113.5 (4) 
108.9 
108.9 
108.9 
108.9 
107.7 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 



C13— S2— 02— Mo 
C12— S2— 02— Mo 

03— Mo— 02— S2 
01'— Mo— 02— S2 
N3— Mo— 02— S2 

01— Mo— 02— S2 
N3'— Mo— 02— S2 
Nl— Mo— 02— S2 
Nl'— Mo— 02— S2 

04— Mo— 01— CI 
03— Mo— 01— CI 

or— Mo— 01— CI 

N3— Mo— 01— Cl 
N3'— Mo— 01— CI 
Nl— Mo— 01— Cl 

02— Mo— 01— Cl 
Nl'— Mo— 01— Cl 



-125.78 (12) 

130.66(13) 
139.32 (13) 
22.32(18) 
-123.3 (3) 
35.04 (18) 
-129.7 (3) 
-48.22(18) 
-59.11 (17) 
42.4 (7) 
149.6 (6) 
-23.9(18) 
-82.8 (13) 
-97.0(11) 
-46.5 (7) 
-128.6 (7) 
-52.6 (7) 



Mo— N3— C9— SI 
CIO— SI— C9— N2 
CIO— SI— C9— N3 
C9— SI— CIO— Cll 
04— Mo— 01'— Cl' 

03— Mo— 01'— Cl' 
N3— Mo— 01'— Cl' 

01— Mo— 01'— Cl' 
N3'— Mo— 01'— Cl' 
Nl— Mo— 01'— Cl' 

02— Mo— 01'— Cl' 
Nl'— Mo— 01'— Cl' 

04— Mo— Nl'— C7' 

03— Mo— Nl'— C7' 
01'— Mo— Nl'— C7' 
N3— Mo— Nl'— C7' 
Ol— Mo— Nl'— C7' 



-172.6 (9) 
4.7 (8) 
-175.7(12) 
-81.4 (5) 
44.6 (7) 
152.7 (6) 
-64.4 (14) 
160 (3) 
-74.9(13) 
-44.2 (7) 
-127.6 (8) 
-49.4 (7) 
-69.8 (7) 
151.9(4) 
23.5 (7) 
-166.9(11) 
29.8 (8) 
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(J4 — Mo — N 1 — C / 


— / l.o (o) 


XTI ' A /f XTI ' r~*nf 
N3 — Mo — N 1 — C / 


— 1 /l.y (11) 


03 — Mo — N 1 — C7 


133.1 (5) 


XT1 A /T™ XTI ' r~*nt 

Nl — Mo — Nl — C7 


T T / 1 n\ 

-2.3 (17) 


Or — Mo — ^Nl — C7 


22.7 (7) 


02 — ^Mo — ^Nl — C7 


105.4 (7) 


N3 — Mo — Nl — C7 


—170.3 (11) 


/~\A A jT-^ XTI ^ XT'*»^ 

(J4 — Mo — Nl — Nz 


1 1 T T 

112.3 (6) 


(Jl — Mo — JN 1 — C / 


zo.U (o) 


A /f ^ XTI ' XTT 

(J3 — Mo — N 1 — Nz 


T/C A /I A\ 

— 2o.U (lU) 


XTT ' A yT^ XTI 

N3 — Mo — Nl — C7 


—174.7 (10) 


1 ' A>ff^ XTI ' XTT 

(Jl — Mo — Nl — Nz 


—154.4 (7) 


A iT— XTI /"^T 

02 — Mo — ^Nl — C7 


105.3 (8) 


XTI A iT— XTI t XT'">^ 

N3 — Mo — ^Nl — ^N2 


1 C T /A\ 

15.2 (9) 


XTI ' A XTI 

N 1 — Mo — N 1 — L7 


175 (3) 


1 A4^ XTI' XTT 

(J 1 — Mo — N 1 — Nz 


^ AO 1 /T\ 

— 148.1 (7) 


A XTI XTO 

(J4 — Mo — N 1 — JNz 


lU/.l (o) 


XTI ' A 4^ XTI ' XTT 

N3 — Mo — N 1 — Nz 


1 A T /A\ 

lu.z (y) 


A4^ XT1 XT'^ 

03 — Mo — JN 1 — Nz 


— 4o.z (12) 


XTI A >f ^ XTI' XTI' 

Nl — Mo — Nl — Nz 


1 OA /T \ 

180 (3) 


r A jT-^ xti xy^ 

Ur — Mo — JNl — Nz 


1 CO ^ /'7\ 

—158,6 (7) 


/~\'^ A jT-, XT1 f XTT/ 

(Jz — Mo — Nl — Nz 


—12.5 (6) 


XTT A XTI XT-^ 

N J — Mo — N 1 — NZ 


O A {(W 

5.4 (9) 


-7 1 XTI ' XTI' /" (\ r 

C7 — N 1 — Nz — Cy 


1 TT 1 /0\ 

172.1 (8) 


r\ 1 A /i^ XT 1 XTO 

Ui — Mo — JN i — ^JNz 


1 Cl 1 /'7\ 

— 1j3.3 (/) 


XTI ' XTT r~'A' 

Mo — N 1 — Nz — Cy 


A 0 

— y.8 (y) 


Xn ' A /T™ XTI XT'** 

N3 — Mo — Nl — Nz 


A A /A\ 

4.0 (9) 


(J4 — Mo — N3 — Cy 


AO T / 1 C\ 

-98.7 (15) 


i^'^ n /T XTI XT-^ 

02 — Mo — N 1 — N2 


-76.0 (6) 


/~\'^ A /T XT')/ /^A' 

03 — Mo — N3 — C9 


156.5 (15) 


XTI ' A yf ^ XTI XT^ 

N 1 — Mo — N 1 — N z 


C A 1 0\ 

-5.9 (18) 


f A XT')' r~^c\f 

Ui — Mo — N3 — cy 


1 0 /'T\ 

18 (2) 


r~'n XTI XTO i^ci 

c/ — JNl — JNz — cy 


1/1.0 (8) 


XTT A 4^ XTT ' r~'A' 

N3 — Mo — N3 — cy 


A 1 /0\ 

-47 (8) 


A J™ XTI XT'^ 

Mo — 1 — Nz — Cy 


T /A\ 

-7.2 (9) 


/~\ 1 A jT-, XTT / Af 

01 — Mo — N3 — cy 


AC\ /T\ 

40(2) 


/I TV iT XTO /^r\ 

04 — Mo — N3 — C9 


-95.9 (15) 


XTI A(f XT')' /~^r\f 

Nl — Mo — N3 — C9 


1 A T /I A\ 

-10.7 (14) 


03 — Mo — N3 — C9 


ICO A 

158.4 (14) 


i^T A yf^ XTT' /^A' 

(Jz — Mo — N3 — cy 


T 1 /I / 1 C\ 

71.4 (15) 


/-V 1 f A yT^ XT'! /^n 

oi — ^Mo — JN j — cy 


12 (2) 


XTI' AJf^ XTT' /^C\' 

N 1 — Mo — N3 — cy 


0 /I T\ 

—8.0 (13) 


Ol — Mo — N3 — C9 


1 A /T\ 

30(2) 


A iT— /*M / 1 / /~1T/ 

Mo — Or — Cl — C2 


ITT C /C\ 

-132.5 (5) 


XTT t A >r XTO /~^f\ 

N3 — Mo — N3 — C9 


135 (10) 


Mo — or — Cl — C6 


48.3 (9) 


XTI A(f^ XT'? /^n 

Nl — Mo — N3 — C9 


n A / 1 '>\ 

-7.9(13) 


1 / 1 ' /^T' <^T/ 

Or — Cl — C2 — C3 


1 TA 1 f IL\ 

—179.1 (6) 


A 4'-, XTT 

02 — Mo — N3 — L9 


74.2 (15) 


C6 — Cl — C2 — C3 


A A 

0.0 


XTI ' A J XT') /^n 

N 1 — Mo — N3 — C9 


-4.8 (12) 


Cl — C2 — C3 — C4 


0.0 


Mo — 0 1 — C 1 — C2 


-138.2 (4) 


C2 — C3 — C4 — C5 


0.0 


Mo — 0 1 — C 1 — Co 


A'^ H / A\ 

42.6 (9) 


C3 — C4 — C5 — C6 


A A 

0.0 


i^i r^'K e~^'^ /~^'? 

0 1 — C 1 — C2 — C3 


—179.3 (6) 


r^Ai r^ct f~^^r 

C4 — C5 — C6 — C 1 


A A 

0.0 


Co — CI — C2 — C3 


0.0 


C4 — C5 — C6 — C7 


1 T 0 A t A\ 

178.0 (4) 


C 1 — C2 — C3 — C4 


A A 

0.0 


01 — Cl — C6 — C5 


1 TA 1 i 

i7y.i (6) 


yJl — C3 — C4 — C5 


0.0 


L2 — Cl — C6 — C5 


A A 


r^A r^c 
CJ — C4 — Cj — Co 


0.0 


/~*tf r^i^i r^nt 
01 — Cl — C6 — C/ 


1 T tC\ 

1.2 (6) 


C4 — C5 — Co — C 1 


0.0 


^"T ^1 ' f 1 ^T 

C2 — Cl — C6 — C7 


-111. 9 (4) 


C4 — C5 — Co — C7 


1 TO 1 t A\ 

178.1 (4) 


XTT' XTI ' r~^nf r~^£.> 

N2 — N 1 — C7 — C6 


1 TO A /zr\ 

—178.4 (0) 


e~\\ r^-\ e~^^ r^c 

Ol — CI — Co — C5 


1/9.2 (6) 


Mo — N 1 — C7 — C6 


T T /I A\ 

3.7(10) 


C2 — CI — Co — C5 


A A 

0.0 


XTT' XTI ' r^nf /~^Of 

Nz — N 1 — C7 — C8 


A 1 / 1 1 \ 

0.1 (11) 


Ol — Cl — Co — C7 


1 '5 

1.3 (6) 


A yT^ XTI' /~^nt r^of 

Mo — N 1 — C 7 — C 8 


-177.8 (5) 


C2 — C 1 — Co — C7 


1 TO A / 4 \ 

-178.0 (4) 


r^cf r~^£^f r~^nt xti ' 

C5 — C6 — C7 — Nl 


1 CA 1 

159.1 (6) 


xT*^ XTI r^n 

N2 — N 1 — C7 — Co 


179.0 (6) 


C 1 — C6 — C7 — N 1 


—23.0 (8) 


A /T^ XTI r~^n r~*£^ 

Mo — N 1 — C7 — Co 


/I /I 1 \ 

-2.4 (11) 


t~^zf t~^cf r~'n' /^o' 

C5 — Co — C7 — C8 


—19.4 (6) 


XT'^ XTI r~^n /~^o 

N2 — N 1 — C7 — Co 


A / 1 1 \ 

—2.0 (11) 


1 ' /^nf f^ni r~^of 

Cl — C6 — C7 — C8 


ICO £L //I \ 

158.6 (4) 


A >r™ XTI /"^T 

Mo — N 1 — C7 — C8 


ilb.l (5) 


XTI t 'Kj^t r^c\r XTO / 

Nl — N2 — C9 — N3 


T T / 1 n\ 

2.3 (17) 


/^C /^/Z /^"7 XTI 

Cj — Co — C / — N 1 


1^1 1 i ^\ 

161.3 (o) 


XTI ' XTT f^Cit Cl ' 

N 1 — Nz — C9 — bl 


—1 /0.8 (0) 


Cl— C6— C7— Nl 


-20.6 (8) 


Mo— N3'— C9'— N2' 


7(2) 


C5— C6— C7— C8 


-17.7 (6) 


Mo— N3'— C9'— SI' 


-173.7(8) 


Cl— C6— C7— C8 


160.3 (4) 


CIO'— SI'— C9'— N2' 


5.2(8) 


Nl— N2— C9— N3 


0.9(16) 


CIO'— SI'— C9'— N3' 


-174.0(12) 


Nl— N2— C9— SI 


-179.5 (6) 


C9'— SI'— CIO'— Cll' 


-80.7 (5) 
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Mo— N3— C9— N2 


7(2) 










Hydrogen-bond geometry (A, °) 


D—YL-A 




Z)— H 


n-A 


D-A 


D—n-A 


N3— H3n-03' 




0.88 


2.23 


3.090 (15) 


166 


N3'— H3n'"03' 




0.88 


1.94 


2.816(16) 


171 



Symmetry code: (i) -rf 1, -z+1. 
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